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Motivations
After its prediction in 1948 Casimir48, the Casimir force has been observed in a number of ‘historic’ ex-
periments which conrmed its existence and main properties Sparnaay89,Milonni94,Mostepanenko97,LamoreauxResource99.
The Casimir force has recently been measured with a largely improved experimental precision Bordag01 which
allows for an accurate comparison between measured values of the force and theoretical predictions. This
comparison is interesting for various reasons.
The Casimir force is the most accessible eect of vacuum fluctuations in the macroscopic world. As
the existence of vacuum energy raises diculties at the interface between the theories of quantum and
gravitational phenomena, it is worth testing this eect with the greatest care and highest accuracy Rey-
naud01,Genet02Iap. But the comparison between theory and experiment should take into account the im-
portant dierences between the real experimental conditions and the ideal situation considered by Casimir.
Casimir calculated the force between a pair of perfectly smooth, flat and parallel plates in the limit of
zero temperature and perfect reflection. He found an expression for the force FCas and the corresponding
energy ECas which only depend on the distance L, the area A and two fundamental constants, the speed of
light c and Planck constant h eqnarray FCas = hcpi2A240L4 = −dECasdL
Most experiments have been performed in a sphere-plane geometry which diers from the plane-plane
geometry considered by Casimir. In the former geometry, the force is derived from the Deriagin approxi-
mation Deriagin68, often called in a somewhat improper manner the proximity force theorem. With this
approximation, the force is obtained as the integral of force contributions corresponding to the various
inter-plate distances as if these contributions were independent. In the plane-sphere geometry, the force is
thus determined by the radius R of the sphere and by the Casimir energy as evaluated in the plane-plane
conguration. The Deriagin approximation is also used to evaluate the surface roughness corrections.
The fact that the Casimir force (Fcasimir) only depends on fundamental constants and geometrical
features is remarkable. In particular it is independent of the ne structure constant which appears in the
expression of the atomic Van der Waals forces. This universality property is related to the assumption of
perfect reflection used by Casimir in his derivation. Perfect mirrors correspond to a saturated response to
the elds since they reflect 100 % of the incoming light. This explains why the Casimir eect, though it has
its microscopic origin in the interaction of electrons with electromagnetic elds, does not depend on the ne
structure constant. Now, real mirrors are not perfect reflectors. The most precise experiments are performed
with metallic mirrors which behave as nearly perfect reflectors at frequencies smaller than a characteristic
plasma frequency but become poor reflectors at higher frequencies. Hence the Casimir expression has to be
modied to account for the eect of nite conductivity. At the same time, experiments are performed at
room temperature whereas the Casimir formula (Fcasimir) only holds in vacuum, that is at zero temperature.
A precise knowledge of the Casimir force is a key point in many accurate force measurements for distances
ranging from nanometer to millimeter. These experiments are motivated either by tests of Newtonian gravity
at millimetric distances Fischbach98,Hoyle01,Adelberger02,Long02 or by searches for new weak forces pre-
dicted in theoretical unication models with nanometric to millimetric ranges Carugno97,Bordag99,Fischbach99,Long99,Fischb
Basically, they aim at putting limits on deviations of experimental results from present standard theory. The
Casimir force is the dominant force between two neutral non-magnetic objects in the range of interest so that
any new force would appear as a dierence between experimental measurements and theoretical expectations
of the Casimir force.
As far as the aim of a theory-experiment comparison is concerned, the accuracy of theory is as crucial
as the precision of experiments. If a given accuracy, say at the 1% level, is aimed at in the comparison,
then the theoretical and experimental accuracy have to be mastered at this level independently from each
other. Since the various corrections to the Casimir formula which have already been alluded to may have a
magnitude much larger than the 1% level, a high-accuracy comparison necessarily requires a precise analysis
of the dierences between the ideal case considered by Casimir and real situations studied in experiments.
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Experiments before 1997
We rst review some of the experiments performed before 1997.
The rst experiment to measure the Casimir force between two metals was carried out by Spaarnay
in 1958 Sparnaay58. A force balance based on a spring balance was used to measure the force between
two flat neutral plates for distances between 0.5 and 2µm. Measurements were carried out for Al-Al, Cr-Cr
and Cr-steel plates through electromechanical techniques. Spaarnay discussed the major diculties of the
experiments, in particular the control of the parallelism of the two plates, the determination of the distance
between them, and the control of the neutrality of the two metal plates which is delicate since the Casimir
force can easily be masked by electrostatic forces. The experiment gave evidence of an attractive force
between the two plates and Sparnaay cautiously reported that \the observed attractions do not contradict
Casimir’s theoretical prediction". For the sake of comparison with experiments described below, an error
bar of the order of 100 % may be attributed to this experiment.
Probably the rst unambiguous measurement of the Casimir force between metallic surfaces was per-
formed by van Blokland and Overbeek in 1978 Blokland78. The force was measured with the help of a spring
balance between a lens and a flat plate, both coated with 50-100nm thick chromium layers, for distances
from 132 to 670nm, measured by determining the capacitance of the system. The use of a lens instead of a
second flat plate simplied the control of the geometry by suppressing the problem of parallelism. The force
in this conguration was evaluated with the help of Deriagin’s approximation discussed in more detail below.
The investigators compared their experimental results to theoretical calculations using the Lifshitz theory
for chromium and concluded to an agreement between the measured and calculated force values, conrming
for the rst time the eect of nite conductivity. For this experiment, one may estimate the accuracy to be
of the order of 25%.
The Casimir force has been observed in a number of other experiments, in particular Deriagin57,Tabor68,Black68,Sabisky7
More detailed or systematic reviews may be found in Sparnaay89,Milonni94,Mostepanenko97,LamoreauxResource99,Bordag01
Recent experiments Recently new measurement techniques were used to measure the Casimir eect
with improved accuracy. Quite a number of experiments have been carried out in the last years and we will
describe some of them which seem to be the most signicant ones.
In 1997 Steve Lamoreaux measured the Casimir force by using a torsion pendulum Lamoreaux97.
The force was measured between a metallized sphere and a flat metallic plate with controlled but unequal
electrostatic potential. Since the electrostatic and Casimir forces were acting simultaneously, it was necessary
to substract precisely the eect of the electrostatic force in order to deduce the value of the Casimir force.
This measurement was made for distances between 0.6 and 6 microns. Comparison between the experimental
results and the theoretical predictions was reported to be in agreement at the level of 5 %.
After the correction of inaccuracies in the initial report Lamoreaux98e,Lambrecht00prl,Lamoreaux98r,
the results of this experiment can be summarized as follows : the force has been measured, probably with an
error bar of the order of 10 % at the shortest distances where the eect of nite conductivity of the Au and
Cu metallic layers used in the experiments was unambiguously observed; the error bar was certainly much
larger at distances larger than a few µm where the magnitude of the force is much weaker; this probably
explains why the temperature correction has not been seen though it should have been seen at the largest
distance  6µm explored in the experiment (see below). It is dicult to be more armative on this topic,
in particular because this experiment was stopped by the relocation of Steve Lamoreaux.
Shortly after this publication, a second measurement was reported by Umar Mohideen Mohideen98 fol-
lowed by several reports with an improved precision Roy99pr,Harris00. This experiment is based on the use
of an atomic force microscope (AFM). A metallized sphere is xed on the cantilever of the microscope and
brought to the close vicinity of a flat metallic plate, at a distance between 0.1 and 0.9µm. Both surfaces are
put at the same electrostatic potential and the Casimir force is measured by the deflection of a laser beam on
the top of the cantilever, as shown on Figure mohideenexp. gure[htb] gure=MohideenExp
Experimental setup of the Casimir force measurement in Mohideen98,Roy99pr,Harris00. The force is mea-
sured between the sphere and the plate with the distance of closest approach d (denoted L in the present
report). The sphere is xed on the cantilever of an AFM and its position measured by the deflection of a
laser beam on the top of the cantilever. With kind courtesy of Umar Mohideen. mohideenexp
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